This study aimed to investigate the influence of different peritoneal dialysis regimens on blood pressure control, the diurnal pattern of blood pressure and left ventricular hypertrophy in patients on peritoneal dialysis. Forty-four patients undergoing peritoneal dialysis were enrolled into the study. Patients were treated with different regimens of peritoneal dialysis: 26 patients on continuous ambulatory peritoneal dialysis (CAPD) and 18 patients on automated peritoneal dialysis (APD). All patients performed 24-hour ambulatory blood pressure monitoring (ABPM) and echocardiography. Echocardiography was performed for measurement of cardiac parameters and calculation of left ventricular mass index (LVMI). There were no significant differences in average of systolic and diastolic blood pressure during 24-hour, daytime, and nighttime between CAPD and APD groups. There were no significant differences in diurnal variation of blood pressure, systolic and diastolic blood pressure load, and LVMI between CAPD and APD groups. LVMI was associated with 24 hour systolic blood pressure load (r = 0.311, P < 0.05) and daytime systolic blood pressure load (r = 0.360, P < 0.05). In conclusion, this study found that there is no difference in blood pressure control, diurnal variation of blood pressure and left ventricular hypertrophy between CAPD and APD patients. The different peritoneal dialysis regimens might not influence blood pressure control and diurnal variation of blood pressure in patients on peritoneal dialysis.
Introduction
Automated peritoneal dialysis (APD) is increasingly used in patients with end-stage renal disease. There are multiple
Copyright © 2011 The Korean Society of Electrolyte Metabolism over continuous ambulatory peritoneal dialysis (CAPD) including lower incidence of peritonitis, better small solute clearances, reduced incidences of hernias, and better dialysis acceptability for workers [2] [3] [4] . However, APD has potential disadvantages such as a more rapid loss of residual renal function, less sodium removal and more peritoneal protein loss [5] [6] [7] [8] [9] [10] . The short dwell times and less sodium and fluid removal of APD compared with CAPD seem to be associated with changes in hemodynamics and blood pressure control [7] [8] [9] .
Cardiovascular disease is the most common cause of morbidity and mortality in patients with end-stage renal disease (ESRD) 11) . Hypertension in dialysis patients is an important risk factor for development of left ventricular hypertrophy (LVH) and for increased cardiovascular mortality. The main reason for hypertension in dialysis patients is volume overload 12, 13) . Information on the compared ability of CAPD and APD to control blood pressure levels and prevent cardiovascular complications is very limited.
The aim of this study is to investigate the influence of different peritoneal dialysis regimens on blood pressure control, the diurnal pattern of blood pressure and left ventricular hypertrophy in patients on peritoneal dialysis. LVMI was standardized by dividing it to body surface area, which was calculated using DuBois formula 17) .
Subjects and Method
The following data were collected for each patient: age, gender, body mass index, body weight, primary cause of ESRD, duration of hypertension and peritoneal dialysis, use of erythropoietin, hemoglobin, hematocrit, serum blood urea nitrogen, creatinine, albumin, calcium, and phosphate.
Data of peritoneal dialysis therapy were collected, including peritoneal dialysis adequacy (weekly Kt/V and weekly creatinine clearance) and peritoneal equilibration test (PET).
Routine PET was performed according to the method of Twardowski 18) . Weekly Kt/V was calculated as 7 × (24-hour urea clearance/total body water), where total body water was estimated according to the formula of Watson et al. 19) .
Weekly creatinine clearance was calculated as 7 × (24-hour creatinine clearance/1.73 m 2 body surface area), where body surface was estimated by the method of DuBois 17) .
In this study, CAPD patients were treated with 4 exchanges daily using 1,500-2,000 mL peritoneal dialysis solution containing 1.5%, 2.5%, or 4.25% dextrose for ultrafiltration as appropriate. For patients on APD, the cycler was programmed to deliver 4-5 cycles of 1,500-2,000 mL peritoneal dialysis solution during the night. A final exchange of 1,000-1,500 mL was introduced and allowed to remain in the peritoneal cavity until the next cyclic exchange at night. There was no significant difference in total number of antihypertensives between the 2 groups ( Table 2 ).
Comparison of blood pressure control between CAPD and APD
There were no significant differences in ambulatory mean systolic and diastolic blood pressure, daytime systolic and diastolic blood pressure, and nighttime systolic and diastolic blood pressure between the 2 groups (Table 3) . Ambulatory systolic and diastolic blood pressure of 24-hour, daytime, and nighttime in the CAPD group were lower than those of the APD group, despite not reaching statistically significant levels.
On analysis for diurnal variation of blood pressure, there was no difference in the non-dipper hypertension rate between 2 groups. Twenty-three of 26 (88.5%) CAPD patients were non-dipper, whereas 15 of 18 (83.3%) APD patients were non-dipper. On comparing diurnal indices of systolic and diastolic blood pressure between two groups, no difference was found in both CAPD and APD groups (Table 4) . There were no significant differences in systolic and diastolic blood pressure load and LVMI between CAPD and APD groups (Table 5 ).
There were no significant correlations between LVMI and 24-hour mean systolic and diastolic blood pressure, daytime systolic and diastolic blood pressure, and nighttime systolic and diastolic blood pressures.
LVMI was correlated with 24-hour systolic BP load (r = 0.311, P < 0.05) and daytime systolic BP load (r = 0.360, P < 0.05) ( Fig. 1 and 2) .
Discussion
There is an ongoing controversy in the literature as to whether APD is associated with less effective control of blood pressure as compared with CAPD. Wang et al. 20) found similar levels of blood pressure in patients on CAPD and APD, but a higher ventricular mass in patients on APD, which they attributed to potential diurnal hypervolemia in this therapy. Ortega et al. 21) detected higher systolic blood pressure levels in APD than in CAPD, but were unable to find a correlation between sodium removal and blood pressure levels.
Our study demonstrates that there were no significant differences in blood pressure control, diurnal variation of blood pressure, and left ventricular mass between CAPD and APD.
Left ventricular hypertrophy is a strong predictor of myocardial infarction, heart failure, sudden death, and stroke in patients with essential hypertension and in patients with ESRD [22] [23] [24] [25] [26] . There are reports of a high incidence of LVH in CAPD patients and that LVH seemed to be strongly associated with a significantly high cardiovascular morbidity and mortality in CAPD patients 27) . It has reported that each 10 mmHg rise in average mean arterial blood pressure was associated with a 48% increased likelihood of having both concentric LVH and left ventricular dilation on second echocardiogram for patients with ESRD 28) . However, in this study, we have not observed significant difference in LVMI between CAPD and APD groups. Ambulatory systolic and diastolic blood pressure at 24-hour, daytime and nighttime was not associated with LVMI.
It has been reported that ambulatory nighttime systolic blood pressure load > 30% had an independent association . Similarly, we found in our study that LVMI in patients on peritoneal dialysis correlated with 24-hour systolic blood pressure load and daytime systolic blood pressure load.
Diurnal blood pressure rhythm is known to be abnormal in chronic renal failure, dialysis and renal transplantation patients. It has been reported that non-dipper patients have increased risk of target organ damage and mortality in patients with hypertension [29] [30] [31] . .
It has been suggested that APD may be less effective than CAPD for sodium and fluid removal, due to its semiintermittent nature and frequently lower capacity for ultrafiltration, and also to the short dwell schedule that characterizes the night session in APD, which may result in significant sodium sieving and less efficient sodium removal 32) . In addition, the alarms or noises of the APD machine may cause sleep disturbance in patients on APD.
However, we found no difference in diurnal variation of blood pressure for APD compared with CAPD .
Recently, patients are increasingly selecting APD for lifestyle reasons rather than CAPD because they have high transport membrane characteristics, resulting in an increasing proportion of APD patients having low transport membrane characteristics. In this study, there was no difference in D/P creatinine and only 2 patients had high transporter membrane characteristics in the APD group.
In this study, 81.8% of the peritoneal dialysis patients were receiving antihypertensive agents, and these medications themselves may affect blood pressure control and circadian blood pressure rhythm.
There are limitations to this study. The size of our study population was not large enough to compare the difference between CAPD and APD group. In addition,
we did not evaluate the sodium removal and volume status between CAPD and APD groups. Further study is needed to investigate whether the effect of the sodium and fluid removal according to CAPD regimen can influence the blood pressure control.
It has been suggested that the use of a glucose polymeric solution, icodextrin 7.5%, is able to improve volume status in peritoneal dialysis patients due to an improved and prolonged ultrafiltration, especially during long dwells [33] [34] [35] .
Further study is needed to study the influence of icodextrin for long dwells in APD on volume status and blood pressure control.
In conclusion, we found no difference in blood pressure control, diurnal variation of blood pressure, and left ventricular hypertrophy for APD compared with CAPD.
The different peritoneal dialysis regimens might not influence blood pressure control and diurnal variation of blood pressure in patients on peritoneal dialysis.
